This study uses an integrated approach, bringing together geographic information system (GIS), remote sensing, and rainfall-runoff modeling, to assess the urbanization impact on flash floods in arid areas. Runoff modeling was carried out as a function of the catchment characteristics and the maximum daily rainfall parameters. Land-use types were extracted from the supervised classification of SPOT-5 (2010) and Landsat-8 (2015) satellite images and were validated during field checks.
INTRODUCTION
In the absence of hydro-meteorological data, runoff modeling could be a promising approach to enhance the livability of an area (Gheith & Sultan ; Foody et al. ) . For predicting hydrologic responses in ungauged catchments, Soil Conservation Service curve number (SCS-CN) models are widely used (SCS ). This method had since been adapted to measure infiltration losses in arid areas with similar climatic and physiographic conditions (Reich ; Graf ; Walters ; Al-Khalaf ). These SCS models are considered to be as good, or even better than, more complex models in terms of predicting rainfall-runoff in gauged and ungauged catchments This study uses an integrated approach, bringing together remote sensing, geographic information system (GIS), and hydrological models, which are utilized to assess the impact of urbanization on flash floods in arid areas. The analyses presented in this study are concerned with the estimation of extreme flows, which form the basis for subsequent flood level and mapping stages of the study area. Comparing flood peaks after development to flood peaks before development, over a range of return periods, can be used as a function of Downloaded from https://iwaponline.com/hr/article-pdf/47/6/1142/367735/nh0471142.pdf by guest urbanization impact (Kibler et al. ) . This study will aid in the decision-making for future planning and the results of this work can help to prioritize areas where flood control measures should be directed, and effectively augment management plans for the appropriate development of water resources.
Figure 2 | Geologic map of the study area (Blank & Getting 1985) . Figure 1 ). This terrain is characterized by a high relief variability, with ridges and mountain ranges in the eastern part and lowlands in the west. The western part of the study This clogging may lead to changes in the flash-flood flow paths, particularly in these braided alluvial channel areas.
MATERIALS AND METHODS
Several inputs of rainfall data, remote sensing data, and hydro-morphometrical measurements, along with DEM analyses and fieldwork, were used to estimate the various hydrological parameters ( maximum of discharge parameters are calculated to perform the calculation of peak discharge and quantity of storm runoff.
where Pe is the surface runoff depth (mm), P is the precipitation depth (mm), S is the soil retention (mm), Ia is the initial loss (mm), and CN is the curve number.
The hydrologic analysis was used to derive the natural flood flow paths and estimate the peak flow rates at designated locations using the HEC-HMS model. This model was selected 
where q i is the observed stream flow,q i is the simulated stream flow, and q i is the mean value of observed stream flow.
A sensitivity analysis was carried out to study the behav- 
where FY1 is the output result for the original case, FY2 is the output result for the new parameter with a specific change, FX1 is the original parameter value, and FX2 is the new parameter value with the specific change.
RESULTS AND DISCUSSION
In the study area, the rainfall analysis shows that local distribution, short durations, and high intensities are the most distinctive features of these rainfall events ( Figure 5 ). The annual average rainfall in the Abu Arish area does not exceed 211 mm (Tables 2 and 3) . Temporally, most rainfall events occur in April and between July and October.
Spatially, the eastern mountainous area has more rainfall than the western plain area, and the sloping land of the east- showed an average commission of 92% and 93% for the urban, soil, rock, and vegetation areas. Based on this classification, the infiltration rates into the catchment were assigned to groups B and C (Table 4 and Figure 6 | Twenty-four hour rainfall depths and cumulative probability (Gumbel) at Abu Arish.
sand and gravel, vegetation, and fine barren sandy and silty soils cover the area (Table 4) relief with an average slope percent of 10.6. Its shape is relatively elongated with a length of 20.3 km. It has a shape factor of 3.1 (Table 1) . The basin sinuosity factor is 1.98, which suggests tectonics as the major factor influencing the basin's development, which is well correlated with the geologic structures (Figures 2 and 4) . (Table 6 and Figure 12 Additionally, the considerable quantity of fresh water in this arid region could serve as a good water supply for the local inhabitants. Indeed, the total runoff volumes are computed to vary between 1.6 and 3.4 million m 3 (Table 6) .
Regrettably, almost all of this water is lost due to the spreading of the meandering wadi channel and the consequent high evapotranspiration rates. It is recommended that this renewable water resource could be used to recharge groundwater through wells employing natural downward percolation or even through injection wells.
CONCLUSIONS
In arid areas, reliable prediction of runoff is difficult to achieve for ungauged basins. Peak discharge of flash floods in ungauged catchments could be estimated efficiently by coupling GIS and remote sensing tools with hydrologic modeling. This approach will help to further [2010] [2011] [2012] [2013] [2014] [2015] shows that urbanization increased by 8% of the total area. The model results show rapid urbanization adversely affects the hydrological processes, since the sprawl on the alluvial channels is significant. This reduces the infiltration into the underlying alluvium and increases the runoff, leading to higher flood peaks and volumes even for short duration low intensity rainfall, therefore increasing the potential threat to both lives and property. The construction of several small dams is recommended at the fingertip channels at the outlets of the third order sub-basins, in order to retain a considerable amount of water and sediments. Not only will these dams decrease the flood hazards, but they could also serve as a recharge source to the underlying alluvium aquifer. This flood water could be used to cover a considerable amount of the region's water supply, and be utilized to fulfill part of the increasing water demand due to the current high population growth and expected economic development in this arid area.
